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I. Introduction: We have been testing the underlying hypothesis that tumor-derived signals (i.e., 
cytokines) perturb normal myelopoiesis resulting in the expansion of myeloid populations that 
paradoxically harbor tumor-promoting rather than tumor-suppressing activities.  In year-2, we 
focused on the potential clinical merit of the six myelopoietic factors previously identified in year-
1, which corresponded to sections of the SOW shown below.  Interestingly, of the six cytokines 
identified, IL-6 but not G-CSF, IL-8, M-CSF, TNF-α or VEGF, fulfilled three important clinical 
criteria.  Altogether, we found that the levels of IL-6:  1) were significantly higher in patients than 
matched healthy donors; 2) strongly correlated with the accumulation of myeloid populations 
commonly observed in patients with ovarian cancer; and 3) were inversely associated with 
patient outcome; that is, rising IL-6 levels portended worse overall survival (hazard ratio = 
1.525, P = 0.02).  The following is a synopsis of year-2, followed by a summary of the main 
conclusions and a brief reference to how remaining funds will be used if a NCE is granted.   

II. Body (from Original SOW):    

Specific Aim 1: To quantify G-CSF levels in human ovarian cancer cell lines, and then evaluate 
the ability of selected G-CSF-producing cell lines to generate MDSC using human-mouse 
xenograft models 

Task 1a, 1b and 2a: Completed in year-1. 

Tasks 2b-d:  Both sera G-CSF and MDSC levels will be determined during the course of tumor 
growth.  A ge/gender-matched non-tumor-bearing mice will serve as controls for G-CSF and 
MDSC values at all measurable time-points.  Progress:  In the section on ‘Potential Problems & 
Alternative Strategies’ in Aim 1 of the project narrative, we pointed out that in addition to or in 
replace of the human-mouse xenograft model, we would consider testing our hypothesis in a 
fully syngeneic immune competent mouse model of metastatic ovarian cancer.  To that end, we 
extended our analysis to an i mplantable (intraperitoneally) mouse model of ovarian cancer, 
termed ID8 (Figure 1).  A s with our patient data (showcased in Figure 5), we observed 
significant levels of IL-6 in the metastatic tumor-bearing (TB) microenvironment relative to 
peritoneal fluid collected from non-tumor-bearing (NTB) control mice (Figure 1A).  Moreover, we 
observed significant increases in the frequency and abs olute numbers of F4/80+ 
monocytes/macrophages in tumor-bearing hosts compared to those from the NTB controls 
(Figure 1, B and C).  These differences were observed both in the periphery (i.e., spleen) and 
tumor microenvironment (i.e., ascites), thus recapitulating key findings made with patient 
samples (see Figure 5). T cell proliferation studies in this model are pending. 
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Milestones for Aim 1:  Using a relevant mouse model of ovarian cancer, we identified a 
‘cytokine/myeloid cell signature’ associated with tumor progression, consistent with what we 
observed in ovarian cancer patients (see Figure 5 below).  

Overall Progress for Aim 1: We have completed major elements of this aim.  First, we identified 
ovarian tumor cell line models that are tumorigenic in vivo.  Secondly, tumor progression was 
accompanied by rising IL-6 levels and an expansion of myelo-monocytic populations similarly 
found in patients, implicating a pro-tumor axis that may be exploited for therapeutic purposes. 

 Specific Aim 2:   To examine the causal link between tumor-derived G-CSF production and 
granulocytic MDSC development using loss-of-function approaches 

Task 1a – 1c: To generate ovarian tumor cell lines in Aim 1 deficient in G-CSF production by 
shRNA-based methodologies via our shRNA core facility.  Progress: Studies are pending and 
will focus on the role of IL-6 in the ID8 model using neutralizing anti-IL-6 antibody.  Given the 
limited amounts of remaining funds, as well as limitations associated with gene knockdown 
efficiency, we believe this alternative approach will be m ore informative in a mouse model of 
ovarian carcinoma.   

Tasks 2 and 3: To evaluate the effect of G-CSF-deficiency on tumor growth; collection of serum, 
lymphoid and tumor tissues from mice for subsequent phenotypic and f unctional 
analyses: Progress: Studies will be carried out using neutralizing anti-IL-6 antibody, as noted. 

Task 4a and b: To analyze the effect of G-CSF blockade on M DSC accumulation using a 
neutralizing anti-G-CSF monoclonal antibody (mAb).  Progress: Studies will be c arried out 
using neutralizing anti-IL-6 antibody, as noted. 

Milestones for Aim 2: These studies have the potential to identify for the first time that IL-6, 
either tumor- or host-derived, exhibits pro-tumorigenic activity through the induction of myelo-
monocytic populations, and that strategies that target IL-6 may have novel predictive or 
therapeutic value. 

Overall Progress for Aim 2:  Thus far, our data support the hypothesis that IL-6 plays an 
important role in ovarian carcinoma progression, and es tablish the basis for continuation of 
these studies.   

Specific Aim 3: To measure circulating G-CSF and MDSC levels in ovarian carcinoma patients 
and then correlate potential changes in both parameters with clinical outcome measurements.  

Tasks 1 and 2:  As we reported in year-1, we identified six cytokines and chemokines 
associated with aberrant myelopoiesis in ovarian cancer (Figure 2 below).  In year-2, we 
investigated the potential clinical merit of these six myelopoietic factors based on new ly 
acquired de-identified patient data, and found significant inverse relationships between IL-6 with 
patient outcome.  Specifically, our data indicated that rising IL-6 levels portended worse overall 
survival (hazard ratio = 1.525, P = 0.02).   
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Figure 2            Figure 3 

 

 

 

 

 

 

 

 

 

Since we originally hypothesized that ovarian cancer disables antitumor immunity through 
disruption of normal myeloid cell differentiation, we next examined patient blood for evidence of 
expanded myeloid populations relative to matched donors.  Our data demonstrated a significant 
increase in 2 of the 3 myeloid populations tested, both sharing a myelo-monocytic phenotype 
(i.e., CD33+CD15-HLA-DR- myeloid-derived suppressor cell/MDSCs or CD33+CD15-HLA-DR+ 
monocytes) compared to the matched donors (Figure 3, A and B above).  Thus, we identified a 
potential ‘cytokine/myeloid cell type’ profile portending a poorer prognosis.  To explore this idea 
in more detail, we plotted the relationship between IL-6 levels and myeloid cell type (using data 
from Figures 2 and 3.  As a result, we identified a highly significant positive correlation between 
IL-6 levels and monocyte frequency (Figure 4 below).  No other significant association was 
observed, strengthening the potential relevance of the IL-6/myelo-monocytic profile in ovarian 
cancer patient assessment.   

             Figure 4     Figure 5 
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To further validate the potential relevance of IL-6 in vivo, we examined IL-6 levels by ELISA in 
the metastatic tumor microenvironment (i.e., ascites) in a total of 80 ovarian cancer patients 
(Figure 5 above, left column).  Our data showed that the majority of patients tested produced 
robust levels of IL-6.  Similar results were seen in an 11 -patient subgroup in which matched 
sera were also tested (Figure 2 and Figure 4, right column).     

Data in Figures 2 and 3 were 
re-plotted to determine 
potential correlations between 
the indicated parameters. 

IL-6 levels in patient ascites were quantified 
by ELISA from the indicated number of 
patients with advanced disease.  Right 
column refers to 11 of the 80 patients in which 
matched sera were also tested (see Figure 2). 
Horizontal line in graph refers to mean. 
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Task 3: If the data are statistically meaningful in Aim 3/Tasks 1 & 2, patients with earlier stage 
disease (n=30) will be analyzed in a similar fashion.  Progress: Studies will be suspended (at 
least at this time) due to insufficient funds.      

Milestones/Overall Progress for Aim 3:   Of the six cytokines identified, only IL-6 fulfilled three 
important clinical criteria.   A ltogether, we found that the levels of IL-6:  1) were significantly 
higher in patients than matched healthy donors; 2) strongly correlated with the accumulation of 
myeloid populations commonly observed in patients with ovarian cancer; and 3) were inversely 
associated with patient outcome; that is, rising IL-6 levels portended worse overall survival 
(hazard ratio = 1.525, P = 0.02).   

3.  Key Research Accomplishments:  Altogether, we identified… 

• A significant expansion of two distinct myelo-monocytic subsets in the peripheral blood 
of ovarian cancer patients reflecting stages II – IV (all relative to healthy donors). 
 

• Six pro-inflammatory cytokines in matched patient sera, including IL-8, G-CSF, M-CSF, 
IL-6, TNF-α and VEGF-A (all relative to healthy donors).  However, only IL-6 levels were 
significantly and positively associated with poorer clinical outcome, as determined by 
hazard ratio assessment.   
 

• A significant and pos itive relationship between IL-6 levels and myelo-monocytic 
frequencies in ovarian cancer patients, revealing a pr eviously unrecognized 
‘cytokine/myeloid’ signature with potentially important translational/clinical value.      

                
• Concordance between high sera IL-6 levels with high ascites IL-6 levels, suggesting that 

changes in blood IL-6 levels may be a reliable and convenient way to track disease 
progress.   
 

4.  Reportable Outcomes:  Not applicable during this reporting period. 

5.  Conclusions: The identification of this new axis in myeloid-ovarian tumor biology has 
important implications for IL-6-based clinical interventions.  Monitoring changes in IL-6 levels, 
systemically or within the tumor microenvironment, along with other clinical parameters, may 
serve as a nov el ‘biomarker’ signature for disease status or response to anticancer therapy.  
Moreover, these studies provide the rationale to target IL-6 for therapeutic purposes in at least 
subsets of ovarian cancer patients. 

6.  References:  None included, as this report is based on an unpublished synopsis of our work. 

7.  Appendices:   Updated Curriculum Vitae 

8. Supporting Data:  Figures are embedded.   
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Cell Responses”, Lake Tahoe, CA, May1996.  Also, Chairperson of one of the scientific session at 
this same meeting, entitled: “Immunotherapy of Metastasis” 
 

Invited Speaker at the First International Conference on Gene Therapy & Vaccines for  
Cancer, Washington, D.C., 1994.  Title of Presentation: “Peptides Reflecting Mutated  
ras p21 Epitopes Induce Host Cellular Immune Responses” 
 
Invited Speaker to the Department of Pathology, “Immunology Seminar Program” at The  
Ohio State University College of Medicine, January 1994.  Title of Seminar: “Induction and 
Characterization of Host Cellular Immune Responses to Mutated ras p21 Epitopes” 
 
Ongoing Research Support 
W81XWH-11-1-0394 (Abrams, PI)  05/01/11 - 04/30/13 (NCE requested) 1.8 calendar   
DOD      $99,457 TDC/yr     months 
“Granulopoietic Growth Factor Secretion in Ovarian Carcinoma as a Mechanism for the Emergence 
of Immune Suppressive Myeloid Subsets” 
This research tests the novel hypothesis that human and/or mouse ovarian cancer cells produce 
myelopoietic growth factors that participate in the generation of pro-tumor myelo-monocytic cells.    
Overlap:  None 
 
R01 CA140622-01 (Abrams, PI)   09/01/11 - 08/31/16   3.6 calendar 
NCI/NIH      $207,500 TDC/yr   months 
“IRF-8 as a Negative Regulator of CD11b+Gr-1+ Myeloid Cell Production and Function” 
This research tests the novel hypothesis that MDSCs accumulate or become pro-tumorigenic 
because neoplastic cells cause a profound alteration in IRF-8 that is normally essential for 
controlling fundamental properties of the myeloid cell family.  
Overlap:  None 
 
Alliance Developmental Award (Abrams, PI)  07/01/12 - 06/30/13   1.2 calendar 
RPCI  Alliance Foundation    $90,597 TDC/yr   months 
“IRF4, a Novel Tumor Suppressor in Pediatric BCR-ABL+ B-ALL”  
This research tests the novel hypothesis that IRF4 downregulation contributes to BCR-ABL+ acute 
pediatric B lymphoblastic leukemia, and that the mechanism of IRF4 loss involves STAT5-mediated 
repression of IRF4 transcription. 
Overlap: None 
Alliance Developmental Award (Abrams, PI)  06/01/13 - 05/31/14   0.6 calendar 
RPCI  Alliance Foundation    $20,000 TDC/yr   months 
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“Novel TRL5-based Immunotherapies against Metastatic Colon Cancer”  
This research will investigate a new approach to the treatment of metastatic colon cancer in animal 
models. Earlier work led to development of a novel therapeutic, termed Entolimod™ that potently 
triggers both innate and adapt ive immune responses. Our aims will focus on t he mechanism of 
action, as well as examine the efficacy of Entolimod™ in combination immunotherapies. 
Overlap: None 
 
 
R21 CA164475-01A1 (Kozbor, PI)   07/01/12 - 06/30/14  0.36 calendar  
NIH/National Cancer Institute    $125,000 TDC/yr  months 
“Oncolytic Viruses with Therapeutic Genes in the Treatment of Breast Cancer” 
The goals of this proposal are to target the CXCR4/CXCL12 interaction in mammary cancer 
models using a novel oncolytic virotherapy and then define the immune mechanisms underlying 
antitumor activity.    
Role: Co-Investigator 
Overlap: None 
 
 
Completed Research Support 
Alliance Developmental Award from the Roswell Park Alliance Foundation 
Title:  Development of Myeloid-Derived Suppressor Cells in Mammary Carcinoma through 
Interferon Regulatory Factor-8-Dependent Mechanisms   
Role:  PI 
Duration of funding:  11/1/10 – 10/31/11 
Goal of Study:  RPCI Alliance Foundation awarded seed funding to explore the relationship 
between MDSC accumulation/IRF-8 expression and disease status or outcome in patients with 
breast cancer.   
 
NO8G-370 - NYSTEM (New York State Stem Cell Science)  
Title:  Role of Cancer Stem Cells in Resistance to Targeted Therapy and Tumor Recurrence   
Role:  Co-Investigator 
Duration of funding:  1/1/09 – 6/30/11 
Goal of Study:  NYSTEM awarded seed funding for an exploratory study investigating the sensitivity 
of pancreatic cancer stem cells to a novel death-inducing agent, Apo2L/TRAIL in a large cohort of 
patient tumors. 
 
Alliance Developmental Award from the Roswell Park Alliance Foundation  
Title: Regulation of Interferon Regulatory Factor-8 in Neoplastic Cells to Augment Responses to 
Apoptosis and Immunotherapy  
Role: PI  
Duration of funding: 1/1/09 – 12/31/09  
Goal of Study: This study tested the hypothesis that histone deacetylase inhibitors, a novel class of 
epigenetic modifiers, enhance Fas-mediated apoptosis through IRF-8-dependent mechanisms.  
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Publications 
 
  1. Bray, R., Abrams, S., and Brahmi, Z. Studies on the mechanism of human natural killer 
 cell-mediated cytolysis. I. Modulation by dexamethasone and arachidonic acid.  Cell. 
 Immunol.  78: 100-113, 1983. 
 
   2.   Abrams, S. I., Bray, R. A., and Brahmi, Z. Mechanism of action of phorbol myristate 
 acetate on human natural killer cell activity.  Cell. Immunol.  80: 230-40, 1983. 
 
   3.   Abrams, S. I., and Brahmi, Z. Compared mechanisms of tumor cytolysis by human 
 natural killer cells and activated polymorphonuclear leukocytes. J. Immunol. 132: 3192-
 3196, 1984. 
 
   4. Brahmi, Z., Bray, R. A., and Abrams, S. I. Evidence for an early calcium-independent 
 event in the activation of the human natural killer cell cytolytic mechanism.  J. Immunol.  
 135: 4108-4113, 1985. 
 
   5. Abrams, S. I., and Brahmi, Z. The functional loss of human natural killer cell activity 
 induced by K562 is reversible via an interleukin-2-dependent mechanism.  Cell. 
 Immunol.  101: 558-570, 1986. 
 
   6. Abrams, S. I., and Brahmi, Z. Target cell directed NK inactivation.  Concomitant loss of 
 NK and antibody-dependent cellular cytotoxicity activities.  J.  Immunol. 140: 2090-
 2095, 1988. 
 
   7. Abrams, S. I., and Brahmi, Z. Mechanism of K562-induced human natural killer  cell 
 inactivation using highly enriched effector cells isolated via a new single-step sheep 
 erythrocyte-rosette assay.  Ann. Inst. Pasteur/Immunol. 139: 361-381, 1988. 
 
   8. Abrams, S. I., McCulley, D. E., Meleedy-Rey, P., and Russell, J. H. Cytotoxic T 
 lymphocyte-induced loss of target cell adhesion and lysis involve common and separate 
 signaling pathways.  J. Immunol.  142: 1789-1796, 1989. 
 
   9. Abrams, S. I., and Russell, J. H. CD4+ T lymphocyte-induced target cell detachment.  
 A  model for T cell-mediated lytic and nonlytic inflammatory processes.  J. Immunol.  
 146: 405-413, 1991. 
 
  10. Russell., J. H., Rush, B. J., Abrams, S. I., and Wang, R. Sensitivity of T-cells to anti-
 CD3-stimulated suicide is independent of functional phenotype.  Eur. J. Immunol.  22: 
 1655-1658, 1992. 
 
  11. Kantor, J., Irvine, K., Abrams, S., Kaufman, H., DiPietro, J., and Schlom, J. 
     Antitumor activity and immune responses induced by a recombinant carcino-embryonic 
 antigen-vaccinia virus vaccine.  J. Natl. Cancer Inst.  84: 1084-1091, 1992. 
 
  12. Kantor, J., Irvine, K., Abrams, S., Snoy, P., Olson, R., Greiner, J., Kaufman, H., 
 Eggensperger, D., and Schlom, J. Immunogenicity and safety of a recombinant  
 vaccinia virus vaccine expressing the carcinoembryonic antigen gene in a 
 nonhuman  primate.  Cancer Res.  52: 6917-6925, 1992. 



Scott I. Abrams 
 

 10 

  13.   Abrams, S. I., Wang, R., Munger, W. E., and Russell, J. H. Detachment and lysis of 
 adherent target cells by CD4+ T cell clones involve multiple effector mechanisms.  Cell. 
 Immunol.  147: 188-202, 1993. 
 
  14. Wang, R., Abrams, S. I., Loh, D., Hsieh, C-S., Murphy, K. M., and Russell, J.  

            H. Separation of CD4+ functional responses by peptide dose in Th1 and Th2 subsets 
 expressing the same transgenic antigen receptor.   Cell. Immunol.  148: 357-370, 1993. 
 
  15. Kantor, J., Abrams, S., Irvine, K., Snoy, P., Kaufman, H., and Schlom, J.  
          Specific immunotherapy using a recombinant vaccinia virus expressing human  
         carcino-embryonic antigen.  Ann. N.Y. Acad. Sci.  690: 370-373, 1993. 
 
  16. Conry, R.  M.,  LoBuglio, A. F., Kantor, J., Schlom, J., Loechel, F., Moore, S.  
        E., Sumerel, L. A., Barlow, D .L., Abrams, S., and Curiel, D. T. Immune response to a 
 carcino-embryonic antigen polynucleotide vaccine.  Cancer Res.  54: 1164-1168, 1994. 
 
  17. Bei, R., Kantor, J., Kashmiri, S. V. S., Abrams, S., and Schlom, J. Enhanced 
 immune responses and anti-tumor activity by baculovirus recombinant   CEA in mice 
 primed with the recombinant vaccinia CEA.  J. Immunother.  16: 275-282, 1994. 
 
  18. Hodge, J. W., Abrams, S., Schlom, J., and Kantor, J. A. Induction of antitumor  
 immunity by recombinant vaccinia viruses expressing B7-1 or B7-2 costimulatory  
 molecules.  Cancer Res.  54: 5552-5555, 1994. 
 
  19. Hodge, J. W., McLaughlin, J. P., Abrams S. I., Shupert, W. L., Schlom, J., and         
 Kantor, J. A.  Admixture of a recombinant vaccinia virus containing the gene for  the 
 costimulatory molecule B7 and a recombinant vaccinia virus containing a tumor 
 associated antigen gene results in enhanced specific T-cell responses and antitumor 
 immunity.  Human Gene Ther.  8: 851-860, 1997. 
 
   25. Prasad, G. L., Lee, H-S., Iwahashi, M., Milenic, D., Abrams, S., Schlom, J., and  
  Kashmiri, S. In vivo gene inoculation of a recombinant single-chain antitumor  
 antibody induces anti-immunoglobulin response.  Cancer Gene Ther.  4:  253-259, 
 1997.  
 
   26. McLaughlin, J. P., Abrams, S., Kantor, J., Dobrzanski, M. J., Greenbaum, J.,  
 Schlom, J., and Greiner, J. W.  Immunization with a syngeneic tumor infected with 
 recombinant vaccinia virus expressing granulocyte-macrophage colony-stimulating 
 factor (GM-CSF) induces tumor regression and long-lasting systemic immunity.  J. 
 Immunother.  20: 449-459, 1997. 
 
   27. Abrams, S. I., Khleif, S. N., Bergmann-Leitner, E. S., Kantor, J. A., Chung, Y,  
     Hamilton, J. M., and Schlom, J.  Generation of stable CD4+ and CD8+ T cell lines  
   from patients immunized with ras oncogene-derived peptides reflecting codon 12  
    mutations. Cell. Immunol.  182: 137-151, 1997.     
 
   28. Bristol, J. A., Schlom, J., and Abrams, S. I. Development of a murine mutant ras 
 CD8+ CTL peptide epitope variant that possesses enhanced MHC class I binding 
 and immunogenic properties.  J. Immunol.  160: 2433-2441, 1998. 



Scott I. Abrams 
 

 11 

 29.   Bergmann-Leitner, E. S., Kantor, J. A., Shupert, W. L., Schlom, J., and Abrams, 
 S. I.  Identification of a human CD8+ T lymphocyte neo-epitope created by a ras  codon 
 12 mutation restricted by the HLA-A2 allele. Cell. Immunol. 187: 103-116, 1998. 
 
30. Bristol, J. A., Schlom, J., and Abrams, S. I. Persistence, immune specificity, and 

functional ability of murine mutant ras epitope-specific CD4+ and CD8+ T lymphocytes 
following in vivo adoptive transfer.  Cell. Immunol. 194: 78-89, 1999. 

 
31. Khleif, S. N., Abrams, S. I., Hamilton, J. M., Bergmann-Leitner, E., Chen, A., Bastian, 

A., Bernstein, S., Chung, Y., Allegra, C. J., and Schlom, J.  A phase I vaccine trial with 
peptides reflecting ras oncogene mutations of solid tumors.  J. Immunother.  22: 155-
165, 1999. 

 
32. Bergmann-Leitner, E. S., and Abrams, S. I.  Differential role of Fas/Fas ligand  
 interactions in cytolysis of primary and metastatic colon carcinoma cell lines by human 

antigen-specific CD8+ CTL.  J. Immunol. 164: 4941-4954, 2000. 
 
33. Bergmann-Leitner, E. S., and Abrams, S. I.  Influence of interferon- on modula tion of 

Fas expression by human colon carcinoma cells and their subsequent sensitivity to 
antigen-specific CD8+ cytotoxic T lymphocyte attack.  Cancer Immunol. Immunother.  
49: 193-207, 2000. 

 
34.      Bristol, J. A., Orsini, C., Lindinger, P., Thalhamer, J., and Abrams, S. I.    
         Identification of a ras oncogene peptide that contains both CD4+ and CD8+ T cell  
 epitopes in a nested configuration and elicits both T cell subset responses by peptide 

or DNA immunization.  Cell. Immunol.  205: 73-83, 2000. 
 
35.     Ryan, M. H., and Abrams, S. I.  Characterization of CD8+ cytotoxic T    
          lymphocyte-tumor cell interactions reflecting recognition of an endogenously   
             expressed murine wild-type p53 determinant.  Cancer Immunol. Immunother. 49: 603-

612, 2001. 
 
36.  Alper, O., Bergmann-Leitner, E. S., Abrams, S., and Cho-Chung, Y. S.   

 Apoptosis, growth arrest and suppression of invasiveness by CRE-decoy 
oligonucleotide in ovarian cancer cells:  Protein kinase A downregulation and 
cytoplasmic export of CRE-binding proteins.  Mol. Cell. Biochem.  218:  55-63, 2001. 

 
37. Bergmann-Leitner, E. S., and Abrams, S. I. Positive and negative consequences of 

soluble Fas ligand produced by an antigen-specific CD4+ T cell response in human 
carcinoma immune interactions.  Cell. Immunol. 209: 49-62, 2001. 

 
38. Bergmann-Leitner, E. S., and Abrams, S. I.  Treatment of human colon carcinoma cell 

lines with anti-neoplastic agents enhances their lytic sensitivity to antigen-specific CD8+ 
cytotoxic T lymphocytes.  Cancer Immunol. Immunother.  50: 445-455, 2001. 

 
39. Ryan, M. H., Bristol, J. A., McDuffie, E., and Abrams, S. I.  Regression of extensive 

pulmonary metastases in mice by adoptive transfer of antigen-specific CD8+ cytotoxic T 
lymphocytes reactive against tumor cells expressing a naturally occurring rejection 
epitope.  J. Immunol. 167: 4286-4292, 2001. 
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40. Liu, K., and Abrams, S. I.  Coordinate regulation of IFN consensus sequence binding 
protein and caspase-1 in the sensitization of human colon carcinoma cells to Fas-
mediated apoptosis by IFN-γ. J. Immunol. 170: 6329-6337, 2003. 

 
41. Chakraborty, M., Abrams, S. I., Camphausen, K., Liu, K., Scott, T., Coleman, C. N., 

and Hodge, J. W. Irradiation of tumor cells upregulates Fas, enhances CTL lytic activity 
and CTL adoptive immunotherapy. J. Immunol. 170: 6338-6347, 2003. 

 
42. Liu, K., and Abrams, S. I.  Alterations in Fas expression are characteristic of, but not 

solely responsible for, enhanced metastatic competence. J. Immunol. 170: 5973-5980, 
2003. 

 
43. Caldwell, S. A., Ryan, M. H., McDuffie, E., and Abrams, S. I.  The Fas/Fas ligand 

pathway is important for optimal tumor regression in a mouse model of CTL adoptive 
immunotherapy of experimental CMS4 lung metastases.  J. Immunol. 171: 2402-2412, 
2003. 

 
44. Lindinger, P., Mostböck, S., Hammerl, P., Hartl, A., Thalhamer, J., and Abrams, S. I.  

Induction of murine ras oncogene peptide-specific T cell responses by immunization 
with plasmid DNA-based minigene vectors.  Vaccine 21: 4285-4296, 2003. 

 
45. Liu, K., McDuffie, E., and Abrams, S. I. Exposure of human primary colon carcinoma 

cells to anti-Fas interactions influences the emergence of pre-existing Fas-resistant 
metastatic subpopulations. J. Immunol. 171: 4164-4174, 2003.  

 
46. Chakraborty, M., Abrams, S. I., Camphausen, K., Coleman, C. N., Schlom, J., and 

Hodge, J. W.  External beam radiation of tumors alters phenotype of tumor cells to 
render them susceptible to vaccine-mediated T-cell killing.   Cancer Res.  64: 4328-
4337, 2004. 

 
47. Liu, K., Caldwell, S. A., and Abrams, S. I. Cooperative  disengagement  of Fas and 

intercellular adhesion molecule-1 function in neoplastic cells confers enhanced 
colonization efficiency.  Cancer Res. 65: 1045-1054, 2005. 

 
48. Liu, K., Caldwell, S. A., and Abrams, S. I. Immune selection and emergence of 

aggressive tumor variants as negative consequences of Fas-mediated cytotoxicity and 
altered IFN-γ-regulated gene expression. Cancer Res.  65: 4376-4388, 2005. 

 
49. Nesterova, M. V., Johnson, N., Stewart, T., Abrams, S., and Cho-Chung, Y. S. CpG-

immunomer DNA enhances antisense protein kinase A RIαinhibition of multidrug-
resistant colon carcinoma growth in nude mice: molecular basis for combinatorial 
therapy. Clin. Cancer Res. 11: 5950- 5955, 2005. 

 
50. Liu, K., Caldwell, S. A., Greeneltch, K. M., Yang, D., and Abrams, S. I. CTL adoptive 

immunotherapy concurrently mediates tumor regression and tumor escape. J. 
Immunol. 176: 3374- 3382, 2006. 

 
51. Gelbard, A., Garnett, C. T., Abrams, S. I., Patel, V., Gutkind, J. S., Palena, C., Tsang, 

K-Y., Schlom, J., and Hodge, J. W. Combination chemotherapy and radiation of human 
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squamous cell carcinoma of the head and neck augments CTL-mediated lysis. Clin. 
Cancer Res. 12: 1897-1905, 2006. 

 
52. Lundqvist, A., Abrams, S. I., Schrump, D. S., Alvarez, G., Suffredini, D., Berg, M., and 

Childs, R. Bortezomib and depsipeptide sensitize tumors to  tumor necrosis factor-
related apoptosis-inducing ligand:   a novel method to potentiate natural killer cell tumor 
cytotoxicity.   Cancer Res. 66: 7317-7325, 2006. 

 
53. Ohta,  A.*, Gorelik, E.*, Ronchese, F.*, Lukashev , D., Prasad, S. J. Wong, M. K. K., 

Huang, X., Caldwell, S., Liu, K., Smith, P., Chen, J. F., Jackson, E. K., Apasov , S.,* 
Abrams, S.*, and Sitkovsky, M. A2A adenosine receptors protect tumors from anti-
tumor T cells. (*equal authorship)  Proc. Natl. Acad. Sci. USA 103: 13132-13137, 2006.    

 Article received NIH press release (dated 8/14/2006) and highlighted in the NCI Cancer 
Bulletin (dated 8/16/06, Vol. 3, No. 33).  Article also received recognition in Science 
under Editors’ Choice (313:1704, 2006). 

 
54. Yang, D., Thangaraju, M., Greeneltch, K., Browning, D., Schoenlein, P., Tamura, T., 

Ozato, K., Ganapathy, V., Abrams, S. I., Liu, K.  Repression of IFN regulatory factor 8 
by DNA methylation is a molecular determinant of an apoptotic resistance and 
metastatic phenotype in metastatic tumor cells.  Cancer Res. 67: 3301-3309, 2007. 

 
55. Stewart, T. J., and Abrams, S. I.  Altered immune function during long-term host-tumor 

interactions can be modulated to retard autochthonous neoplastic growth.  J. Immunol.  
179:  2851-2859, 2007.  

 
56. Yang, D., Din, N., Browning, D. D., Abrams, S. I., and Liu, K. Targeting lymphotoxin β 

receptor with tumor-specific T lymphocytes for tumor regression. Clin. Cancer  Res. 13:  
5202- 5210, 2007. 

 
57. Greeneltch, K. M., Schneider, M. Steinberg, S. M., Liewehr, D. J., Stewart, T. J., Liu, K., 

and Abrams, S. I.  Host immunosurveillance controls tumor growth via IRF-8-
dependent mechanisms.  Cancer Res. 67: 10406-10416, 2007. 

 
58. Yang, D., Stewart, T. J., Smith, K. K., Georgi, D., Abrams, S. I., and Liu, K.  

Downregulation of IFNγR in association with loss of Fas function is linked to tumor 
progression.  Int. J. Cancer 122: 350-362, 2008. 

 
59. Stewart, T. J., Lutsiak, M. E. C., and Abrams, S. I. Immune consequences of 

protracted host-tumor interactions in a transgenic mouse model of mammary 
carcinoma. Cancer Invest.  26: 237-249, 2008. 

 
60. Stewart TJ, Abrams SI. How tumours escape mass destruction. Oncogene. 27: 5894-

5903, 2008. 
 

61. Stewart TJ, Greeneltch KM, Reid JE, Liewehr DJ, Steinberg SM, Liu K, Abrams SI.  
Interferon regulatory factor-8 modulates the development of tumor-induced CD11b+Gr-
1+ myeloid cells.  J. Cell Mol. Med.  13(9B): 3939-3950, 2009.   
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Stewart TJ, Liewehr DJ, Steinberg SM, Greeneltch KM, Abrams SI.  Modulating the 
expression of interferon regulatory factor-8 alters the pro-tumorigenic behavior of 
CD11b+Gr-1+ myeloid cells.  J. Immunol. 183: 117-128, 2009.  PMC2744444 
 

62. Abrams, SI.  A multi-functional role of interferon regulatory factor-8 in solid tumor and 
myeloid biology.  Immunol. Res. 46: 59-71, 2010. 

 
63. Zimmerman M , Abrams S, Choubey D , Chandler P , Ganapathy V , Browning D , 

Singh N , Liu F , Hu X , Yang D , Liu K. IFN-gamma upregulates survivin and Ifi202 
expression to induce survival and proliferation of tumor-specific T cells. PLoS One. 
5(11): e14076, 2010. doi:10.1371/journal.pone.0014076. PMC2989915 
 

64. Godoy H, Kesterson J, Eppolito C, Vethanayagam RR, Grimm M, Abrams S, Lele S, 
Segal B, Odunsi A. NADPH Oxidase Modulates the Development of Myeloid-Derived 
Suppressor Cells (MDSCs) in Ovarian Cancer Tumor-Bearing Hosts. Reprod. Sci. 18: 
290A, 2011. 
 

65. Waight JD, Hu Q, Miller A, Liu S, Abrams SI. Tumor-derived G-CSF facilitates 
neoplastic growth through a granulocytic myeloid-derived suppressor cell-dependent 
mechanism. PLoS One. 6(11): e27690, 2011. doi:10.1371/journal.pone.0027690. 
PMC3218014 

 
66. Banik D, Khan ANH, Walseng, E, Segal BH, Abrams SI. Interferon regulatory factor-8 

is important for  histone deacetylase inhibitor-mediated antitumor activity. PLoS 
ONE7(9): e45422, 2012.  doi:10.1371/journal.pone.0045422. PMC3446900 

 
67. Gil M, Seshadri M, Komorowski, MP, Abrams SI, Kozbor D.  Targeting CXCL12/CXCR4 

signaling with oncolytic virotherapy disrupts tumor vasculature and inhibits breast 
cancer metastasis. Proc. Natl. Acad. Sci. USA 110: E1291 – E1300, 2013. 
PMC3619300 

 
68. Hu X, Bardhan K, Paschall AV, Yang D, Waller JL, Park MA, Nayak-Kapoor A, Samuel 

TA, Abrams SI, Liu K.  Deregulation of apoptotic factors Bcl-xL and Bax confers 
apoptotic resistance to myeloid-derived suppressive cells and contributes to their 
persistence in tumors.  J. Biol. Chem. 2013, In press. 

 
69. Godoy H, Khan N, Robert V, Grimm M, Singel K, Kolomeyevskaya N, Sexton K, 

Parameswaran A, Almyroudis N, Abrams S, Odunsi K, Segal B.  Myeloid-derived 
suppressor cells modulate immune responses independently of NADPH oxidase in the 
ovarian tumor microenvironment in mice.  PLoS One.  2013, In press. 
 

 
Book Chapters 
 1.  Russell, J. H., and Abrams, S. I. Target cell events initiated by T cell attack. In:  
      Cytotoxic Cells: Recognition, Effector Function, Generation, and Methods,Sitkovsky, M. 
 and Henkart, P. (Eds.), Birkhauser, Boston, 202-212, 1993.  
 
 2.  Abrams, S. I., and Russell, J. H. Target cell detachment assay.  In:  Cytotoxic   
       Cells:  Recognition, Effector Function, Generation, and Methods, Sitkovsky, M.  
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 3.   Abrams, S. I., Bristol, J. A., and Schlom, J. Ras oncogene products as tumor-specific        
 antigens for activation of T lymphocyte-mediated immunity.  In:  Gene Therapy of Cancer, 
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801, 2006. 
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and novel strategies.  Adv. Cancer Res.  95: 115-145, 2006. 
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– Springer, 217-250, 2007. 
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